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Under this program, the Principal Investigator (PI) continued observations of normal
stars in order to fulfill the following two goals: (1) to provide a stellar library as complete
as practical, which will be able to support astronomical research by the scientific
community long into the future, and (2) to obtain a sufficient sample of stars to guard
against variability and peculiarity, and to allow a finite range of temperature, gravity, and
metallicity in a given spectral type-luminosity class combination.
The candidate stars have been selected such that they are not spectroscopic binaries or
variables with significant changes in magnitude or color, they have well determined spectral
types, and if possible, they have small interstellar reddening. Most of the observations
were made with the trail and pseudo-trail techniques, and at optimum exposure, in order to
achieve maximum signal-to-noise ratio for the spectra.
The PI and his collaborators have completed the reduction of the data obtained during
the IUE twelfth through seventeenth episodes: SALCW, SAMCW, SANCW, SAOCW,
SAPCW, and SAQCW. The data are presented in The IUE Ultraviolet Spectral Atlas,
Addendum 1I. by C.-C. Wu, F. H. Schiffer, 3rd, and D. M. Crenshaw (see attachment).
This second addendum of the spectral atlas contains 183 stars. Combining with the
315 stars presented in lhc original spectral atlas (Wu et al 1983, NASA IUE Newsletter
22), and its first addendum (Wu et al 1991, NASA IUE Newsletter 43), the stellar library
contains 498 stars. It covers spectral types from O3 to M7, with good representation for
the main sequence, and reasonably good sample for higher luminosity stars. We believe
this poqect has fulfilled the two goals mentioned in the first paragraph.
The second addendum contains spectral plots and flux tables (samples are given in the
attachment lot three starst. Stars earlier that F3 have data from 1150 to 3200 angstroms
Ihave both the SWP and LWP images), and stars later than F6 have data from 1974 to
3200 angstroms {LWP only). The production of Addendum II is essentially complete.
Minor cosmetic changes are being made to the plots and tables for a few stars. The paper
version will be submitted to the NASA IUE Newsletter for publicaiton. The electronic
copy will be made available to the 1UEDAC and NSSDC.
https://ntrs.nasa.gov/search.jsp?R=19970003471 2020-06-16T03:37:59+00:00Z
THE IUE ULTRAVIOLET SPECTRAL ATLAS
ADDENDUM II
Chi-Chao Wu, Francis H. Schiffer, 3rd, D. Michael Crenshaw
Science Programs, Computer Sciences Corporation
I. Introduction
The IUE Ultraviolet Spectral Atlas and the first addendum were published by Wu et al.
(1983, 1991) in printed and machine readable versions. This atlas and addendum contain UV
spectra of 315 stars with spectral types ranging from 03 to M5 and many spectral type-luminosity
class combinations. There were three criteria for selecting these stars: (1) they were not
spectroscopic binaries or variables with significant changes in magnitude or color, (2) they must
have well-determined spectral types (many are MK standards ) and (3) the stars should not be
heavily reddened.
Further augmentation of the atlas is desirable to provide a more complete coverage of the
spectral type-luminosity class combinations and more than one star per combination. The extra
spectral type-luminosity class combinations reduce the need for interpolation. The extra stars
within a given combination guard against variability and peculiarity, and allow for a finite range of
temperature, metallicity and gravity.
The previous atlas and addendum presented data that were obtained through the eleventh
episode under IUE programs with C.-C. Wu and D. Burstein as principal investigators. In this
second addendum, we present the spectra obtained by Wu's programs during the twelfth through
seventeenth episodes: SALCW, SAMCW, SANCW, SAOCW, SAPCW and SAQCW. During
the period between July 1989 and September 1994, Wu observed 183 stars under these programs.
Most of these observations are high quality trails or pseudo-trails (multiple exposures in the large
aperture).
II. Observations and Reductions
The observations for this atlas were made with the IUE using the Short Wavelength Prime
(SWP) and Long Wavelength Prime (LWP) cameras in low dispersion mode. The SWP camera
covered the 1150-1974 ,_, region. The LWP camera covered the 1974-3200 _, region. The IUE
cameras have a spectral resolution of about 6 A in low-dispersion mode. Boggess et al. (1978a, b)
presented the first discussion of the IUE scientific instrument and its performance. For more
recent updates, readers should consult Sonneborn et al. (1987), Harris and Sonneborn (1987), and
Grady and Taylor (1989).
Most of the observations used the trail or pseudo-trail technique to increase the signal-to-
noise ratio. These techniques increased the exposure time by moving the target star along the
major axis of the large aperture, which is nearly perpendicular to the dispersion direction. In a
trailed exposure, the star moves at a constant rate through the large aperture. Generally, we used
this method when the total exposure time was less than 10 minutes and the star was within 100
degreesof theSun. Whenastarwasmorethan100degreesfrom theSunor theexposuretimefor
trailing wasmore than 10minutes, the pseudo-trailtechniqueprovidedthe increasedexposure
time. Thispseudo-trailtechniqueplacesthestaratseveraldiscretelocations(generally3) alongthe
majoraxis. The cameratakesanexposureat eachlocationwithout readingout thedatawhile a
guidestarstabilizesthespacecraft.The widenedspectraobtainedby thesetechniquesimproved
thesignal-to-noiseratioby collecting morephotonsandby recordingthespectraonmoreimage
pixels. The useof more imagepixels improvedthe chanceof averagingout the fixed-pattern
noise. Spectrathroughthe small apertureprovideddatain wavelengthregions,which contained
saturation,low exposurelevels,reseauxor otherblemishesin the largeaperturespectra.
The input for this atlaswas the mergedspectra,which the IUESIPSproductionsoftware
createdon thedateof the processing.Turnroseand Thompson(1984), Harris and Sonneborn
(1987),andGradyandTaylor (1989)providedetaileddiscussionsof this IUE imageprocessing
system. Bohlin and Holm (1980) providedthe absolutecalibration for the SWPspectra.This
calibrationwasdescribedin moredetailby Holm et al. (1982). Cassatella,Lloyd, andGonzalez
Riestra(1987)werethesourceof thecalibrationfor theLWP data.
The IUE Data Analysis Center (IUE DAC) in the Laboratory for Astronomyand Solar
Physicsat GoddardSpaceFlight Center(GSFC)providedthe facilities andsoftwarefor further
customreductions. Thesereductionsincludedcorrectionsto all fluxes for exposuretime and
temperatureffects.The fluxesof thesmallaperturespectraarenotonanabsolutescaledueto the
uncertaintyin thesmallaperturethroughput.Theratioof thelargeto smallaperturefluxesfor the
samestarprovided a correctionfor this uncertainty.This ratio usedonly the fluxes in regions
unaffectedby baddataandwith measurablesignal. Thecorrectionplacedthefluxesandexposure
time of the small aperturespectrumon thesameabsolutescaleasthe largeaperturespectrum.
Multiple spectraof the samestar and in the samewavelengthrangewere combined into an
averagedspectrum. The combination weightedeach spectrumby its exposuretime. These
averagedspectraexcludedany data that containedsaturation,reseaux,flaggedbright spotsor
microphonicnoise.The final stepin thecustomreductionswasto bin thespectraat2 i intervals.
This addendumcontainsspectrafor 183starsandspectraltypesfrom 07 to M6. Starsearlier
thanF3 havebothSWPandLWP data. For starslaterthanF6,only LWP spectraarepresented.
Table I cataloguesthe starsin orderof spectraltype-luminosityclass. Columns(1) and(2) give
theHD numberandnameof thestar,respectively.Column(3) givesthespectraltypeaspublished
in thereference,acodefor whichappearsin Column(4). An explanationof thesecodesappearsat
theendof TableI. Columns(5) and(6) containtherightascensionanddeclination(1950epoch)
for the star. Columns (7) and (9) give V andB-V respectively. The primary sourceof these
photometricdatawasMermilliod andMermilliod (1994). For HD 216399,O'Connell (1973)
providedthe V magnitudeand SIMBAD the B-V. Thephotometryfor HD 219188camefrom
Turonet al. (1992). In Column(8), an "A" showsthatthestarhasacloseneighborandthattheV
magnitude is only for the brighter component. On the other hand, an "AB" in Column (8) indicates
that the V magnitude is the combined brightness of both components. The entries in Column (8)
are from Mermilliod and Mermilliod (1994). The E(B-V) value, which appears in Column (10), is
the observed B-V from Column (9) minus the intrinsic B-V from FitzGerald (1970). The E(B-V)
values assume that the intrinsic B-V's for higher luminosity O stars are the same as main sequence
stars of the same spectral type. The computations of E(B-V) for spectral types and luminosity
classes, which have no intrinsic B-V in FitzGerald, used interpolated values of B-V.
Table I contains information about the IUE images for each star as well. The IUE image
number appears in Column (11). Column (12) contains a flag for the aperture, where "L" is the
large aperture and "S" is the small aperture. Column (13) defines the observing technique. A "'T"
in Column (13) means trailed. A number represents the number of exposures in the single image.
A value greater than one (like 3 or 4) in the large aperture implies that the image used the pseudo-
trail technique. The total exposure time in seconds appears in Column (14). A correction to the
exposure time was necessary for the single and multiple (pseudo-trail) exposure spectra, if the time
for the individual exposure was 60 seconds or less. The correction accounted for two factors,
which can cause errors in the exposure time of 0.5 percent or higher (Schiffer 1980; Crenshaw
1986). First, the IUE on-board computer controls the exposure time in discrete steps of 0.4096
seconds each. Second, the camera takes 0.120+0.015 seconds to turn on at the start of an
exposure. Therefore, the actual exposure time is
Actual Exposure Time = [Integer(t J0.4096) x 0.4096] - 0.120,
where t is the commanded exposure time in seconds from the IUE observing script. Column (14)
contains the exposure time, which is the sum of the actual exposure times from the above equation.
For trailed spectra, the exposure time is equal to the trail length in arcseconds divided by the trail
rate in arcseconds per second. The actual trail length is 21.4 and 20.5 arc seconds for the short
and long wavelength spectrographs, respectively (Panek 1982). The observing script records the
trail rate. The result from the exposure time computation, which used the actual trail length, the
trail rate and the number of passes, appears in Column (14). The exposure time that is on the
observing script and in the IUE image header assumes a trail length of 20 arcseconds and so is not
accurate. Column (15) records the temperature of the camera head amplifier during the exposure.
This temperature determined a small correction of camera sensitivity (Garhart and Teays 1989).
An indicator of the exposure level appears in Column (16). The values are either a data
number (DN) or an overexposure level. The DN values range from 0 to 255. At a DN of 255, the
spectrum contains at least one overexposed pixel. The estimated level of overexposure appears as
a number followed by "x". For example, 3x means approximately three times overexposed. Three
exposure level values are given in Column ( 16): "E" is for the strongest emission line, "C" is for
the continuum, and "B" is for the background regions, which are immediately adjacent to the
spectrum.The TelescopeOperatormeasuredtheselevelsduring thequick-look analysisof the
images and recorded them on the observing script. They serve as a rough indicator of the quality
and utility of the data. The emission line indicators do contain errors. For instance, the emission
level may be missing for a weak emission component of a P-Cygni profile or Mg II line at 2800 ]k.
Another common error was to misidentify a less absorbed region in the heavily absorbed spectrum
of a late type star as an emission line.
In this addendum, there is a plot for each averaged spectrum. The scales of these plots are
the same as in the earlier installments (Wu et al. 1983, 1991). On the page facing each plot, there
is a table of average fluxes in 2 ,_, wavelength bins. In the spectral plots, the regions with bad data
(nearly saturated data, reseaux or blemishes) are blank. The values in the flux tables also omit
these bad data. The omission of the nearly saturated data is a change from the earlier atlas and
addendum. This change is due to the realization that the responses of the cameras are very
nonlinear for data values near saturation. In spectral regions where the signal-to-noise ratio is low
(e.g., the short wavelength end of the LWP spectra), negative fluxes can appear in the tables.
The merged files for the individual spectra in this addendum have been sent to the IUE DAC
and the National Space Science Data Center (NSSDC) at GSFC. If you have an interest in
receiving a copy of the data, requests should be sent to the IUE Observatory or the NSSDC.
We thank Dr. Conrad Sturch for his helpful discussions on the stellar photometry. This
work was supported by the NASA IUE research contracts NAS5-28749, NAS5-31846, NAS5-
32478 and NAS5-32483 to the Computer Sciences Corporation.
References
Boggess, A. et al. 1987a, Nature, 275,372.
Boggess, A. et al. 1987b, Nature, 275, 377.
Bohlin, R. C. and Holm, A. V. 1980, NASA IUE Newsletter, I 1, 18.
Buscombe, W. 1984, MK Spectral Classifications, Sixth General Catalog (Evanston:
Northwestern University).
Cassatella, A., Lloyd, C. and Gonzalez Riestra, R. 1987, report presented at the November IUE
Three-Agency Meeting.
Cowley, A., Cowley, C., Jascheck, M. and Jascheck, C. 1969, A. J., 74, 375.
Crenshaw, D. M. 1986, NASA IUE Newsletter, 31, 37.
Fanelli, M. N., O'Connell, R. W., Burstein, D. and Wu, C.-C. 1990, Ap. J., 364, 272.
Fanelli, M. N., O'Connell, R. W. and Thuan, T. X. 1987, Ap. J., 321,768.
FitzGerald, M. P. 1970, Astr. Ap., 4, 234.
Garhart, M. P. and Teays, T. J. 1989, NASA IUE Newsletter, 40, 54.
Garrison, R. F., Hiltner, W. A. and Schild, R. E. 1977, Ap. J. Suppl., 35 111.
Grady, C. A. and Taylor, M. A. 1989, NASA IUE Newsletter, 39, 1.
Harris, A. W. and Sonneborn, G. 1987, in Exploring the Universe with the IuE Satellite
(Dordrecht: D. Reidel), ed. Y. Kondo, 729.
Hoffleit, D. 1982, The Bright Star Catalogue (New Haven: Yale University Observatory).
Holm, A. V., Bohlin, R. C., Cassatella, A., Ponz, D. P. and Schiffer, F. H. 1982, Astr. Ap.,
112, 341.
Jascheck, M. 1980, Catalog of Selected Spectral Types in the MK System (Strasbourg: Centre de
Donnes Stellaires).
Johnson, H. L. and Morgan, W. W. 1953, Ap. J., 117, 313.
Keenan, P. C. and Pitts, R. E. 1980, Ap. J. Suppl., 42, 541.
Keenan, P. C. and Pitts, R. E. 1981, 1981 Edition of Revised MK Types (OSU: Department of
Astronomy).
Lesh, J. R. 1968, Ap. J. Suppl., 17, 371.
Lesh, J. R. 1972, Astr. Ap. Suppl., 5, 129.
Mermilliod, J.-C. and Mermilliod, M. 1994, Catalogue of Mean UBV Data on Stars (New York:
Springer-Verlag).
Morgan, W. W., Code, A. D. and Whitford, A. E. 1955, Ap. J. Suppl., 2, 41.
Morgan, W. W. and Keenan, P. C. 1973, Ann. Rev. Astr. Ap., 11, 29.
O'Connell, R. W. 1973, A. J., 78, 1074.
Panek, R. J. 1982, NASA IUE Newsletter, 18, 68.
Schiffer, F. H., III 1980, NASA IUE Newsletter, I1, 33.
Sonneborn. G., Oliverson, N. A., Imhoff, C. L., Pitts, R. E. and Holm, A. V. 1987, NASA IUE
Newsletter, 32, 1.
Turnrose, B. E. and Thompson, R. W. 1984, IUE Image Processing Information Manual,
Version 1.1, CSC/TM-84/6058.
Turon, C. et al. 1992, The Hipparcos Input Catalogue, ESA SP-1136 (Noordwijk: ESA
Publications Division)
Walborn, N. R. 1972, A. J., 77, 312.
Walborn, N. R. 1973, A. J., 78, 1067.
Walborn, N. R. 1982, A. J., 87, 1300.
Wu, C.-C., Ake, T. B., Boggess, A., Bohlin, R. C., Imhoff, C. L., Holm, A. V., Levay, Z. G.,
Panek, R. J., Schiffer, F. H., III and Turnrose, B. E. 1983, NASA IUE Newsletter, 22, 1.
Wu, C.-C., Crenshaw, D. M., Blackwell, J. H., Jr., Wilson-Diaz, D., Schiffer, F. H., III,
Burstein, D., Fanelli, M. N. and O'Connell, R. W. 1991, NASA IUE Newsletter, 43, I.
01
E
I
e-
i
I
i
i
I--
_ ZNNN_N_g_N_gg_ggN_N
m
M
m
o m _ _
_ m m m
I I I
0 0 0
0 o o
I I I
__00 0
0 0 0 0
_ _ r "_ 0
,_ CO if3 I"_
e'_ Ur_
÷ 4- _ +
q_
o
o
2
o _
_ m
U?
o
0 O_ 1_" _, _ t_
,-4 1'_ 0 0 _
0 _0 0 0 _
A
k_
0 0 0 0 0 0 0 0
n,
o
1i fl _ li i! _ II li il _
llllllilllllllllllllllilllllIllllllltlllllllll Ulllllllllilllllillll
o
A
"0
¢.,
.i
o
0
E
i
e-
ffl
ffi
I
!
i
i
I--
" ' o o o o o o
0 0 0 0 0 0
m o o o o o o o _ o o o o
I I I I I I
r,_ ,-.I _ _ c",l 0 _ r,i 0 o
_ o
I 4" t I I 4- I I _- • I
_' 0 ,-4 ,--4 <-xl .-4 _
o o _.M _ _M 0 o o 0
o _ _ o o _ _ _ _ _ _
A"0
,m
f-
0
(n
(U
C3_
E
m
C
I._
<
I
m
m
Z m x
_ _00_0__0
_,,___ __
xx
_ _0_0___00
,-M
P_
r$j
_3
Z
"0
,..s
t"
OH
c-
O
0
&9(D
D'}
E
m
"1:3
r-
(n
L.
(n
I
<t:
!
i
i
I--
r_
,--4
,IJ
Z
x:
oI I
nn
_- o _o
C_ I I I
_ _ "
| 0 _ 0
,---t
Ck
o
o 0 o o
6 6 6 6
0 0
0 _-_
0 0 0 0
0 0 0 0 0
I I
o 6 6 6 o
I t I I
_ c'3 ,-'.I
"t" .¢- ! I I
ffl _ t.O
m _q m
o
r_
0 _ O_ r_
H
r_
n. C_
O0
_ _ _ o_
_ CO CO O_
©
_ _ O_ CO
0 F'" 0 _0
Z0
ll3
C:
C
0
E
m
e-
l.__
ffl
m
<
!
m
m
I o 0 o o0
OO 0 o o oo 0 o o o o
I I I II I
m j j J o J J jj j J o J
I I I I I I I I I
÷ I ÷ I ÷ I ÷1 ÷ ÷ _ I
• . . . . , •
0 _ 0 _ _ _ 0
_ _ Z g N _N g
0 0 0 0 0 _ _0
r_
0
2
o
o
¢,1 0 0
> > > ,_ _
> _, _ _. _. _ _ > > >
oo
"0
im
.I,,=m
t-
o
u
[31
E
"0
c
m
,<
|
m
e_
I'--
II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II II
m • o o o o _ o o
0
> _ _ __ _ _ _ _ _
I
o o o o o o o o o
o _ _ _ _ _ _ o
> _ _ _ o _ _ _ _
_ _ _ _ _ _ _ _ o
I I ÷ I I + i
o_
O_
I73
Z
>, ? >, _ ,
"13
".I
O
¢3
cD
C31
E
e-
l
ilJ
e_
k-
II II II II II II il II II II II I! II II II II II II II li 'II II II II II II II il II li il II II II It I¢ il II
O _0_0_0_0_00_0_000000_000_0_0_
' ' 0 0 0 0 00 0 0 0 O 0
0 0 0 0 0 0 0 0 0 0 0
<
I I + I + I I I + I +
> _>
0 _ ,.-,1 ,Y
,-v
.o
_ o_
II II II _ _ II II II I; II II _ _ II it _ II _ II II _ II II II _ _ II II _ tl If tl tl m II II _ II
It II II II II II I! If II it II fl il II IJ il It II II l! If II II _ II I1 II II _ II II II II II II II II It
0 _o_NoooNoo_o_2_oo_ooo_ooo_o_ogooo
C _
o
0
0 0 0 0
_ , ,
m S o o S
a N o
+ + I +
_ •
' _ _ _ _
0
_ _ o_
C,_ 00 ["-
I
_ o
o O
f-I o'3
I I
o
o
o O
I I
o O
< <
0
+
c_
>
u_
c4
0
LD
_00_
o o o
<
_ 0
I 4- +
'_ _ r "_ CO
r _ ,-4 _xl co
O ffl '_
,-4 _ _1_
0 0 _ 0
o
,.-.1
_ tl_ tD CO
o o o
i
o o o
_o O i_
•--t tD
I i i
o c-I
r_ r_
_ H
o >
o
c,l
_ o _
t._ _1 o'3
iI
_ m
E moo
o
o _m
_) + ,
I
< o_g$
' _ _
i
rd _.._ 0 _-,_
@ m 0 0
C_ r, 0 t9
o
o o
o o ooo oooo o o o
I I I I I I
o o S_o _o_o o o 6
< <
o
I + +11 I++1 + + +
,h
u_ l'- P-
[_ o 0
_M_ HHM_ M M
o
un
co
co
°U
N_g_ Ng_ _ N _ o_
OOOO OOO O O O O
I I I I I
g_NN gg_ g g g
_000 _0_ _ _ _ 0
0 _ _ _ _ 0 0
i1+1 +++ i i + +
NNg_ _N_ _ N _ Z
J _
_ 7
" 5 5
_ _o o o & &
< g g
N ',D ,-, _ [M
_', 0% ,'_ co _) co co ,--i
o, g,_o _ g C N
c'-I
Z
CI
_ _ _ OO
0 000000_0000000_0_0_000000000000000
0"} ,-I
_ _ 0 0 _ 0
0 0 0 0 0 0 0 0 0 0
)
÷ + ÷ + + + +
0
0 _
,-4 U_
0
+ + I
o _ _
CO m
--: o o o
_n
m
e"
o%
•- _ o
(n r_
4- I +
i [21ff, _ "_
r- r- _
I.-
Q)
M
_ on o o
r_
,--t
,._
0
o
p-
• . . , .
0 ,'_ ,_ ,_ 0 0 _
_'4 _
_ 2a _
"0
Im
t-
o
o
o)
co
E
"0
e-
ffl
I
e_
h-
Z
.el
o
Z
n.
<
I
_n
?
m
<
:>
rj
_ _ 0
II II II II II _ _ II II II _ II II II II II II II _ _ tl
X X X
OOOOOOOOOOOOOO_OOOOOOOOOOOOOOOOOOOOOOO
0
0 0 0
__ _00__
0 0 0 0 C) 0 0 0 0
I I I I
<o 00 e_ m
o_ u3 u3
,-_ ,--4 ,-_ ,-_
H
_J o
E
_0
z
H
_ _ _ > & o o_ +
__. +- _-- +-
o o
r_ 0
<
0 _
,--t e_
0
,'-4 ,'-4 C_ 0
n
r_ _
H H _ i
_-4 H H
I
rj _ [--,
"0
(-
Ira
(-
0
O
03
E
m
"0
e-
ffl
I-_
if)
<
!
m
m
I.- (D
,.-t
(D
O,
LO
(D
o _ oO
O o
H
)-4
r_
cJ
O _:) c'.,1
00 _-_
C_
0
0 0 0 0
0 0 0 0 0 0
< <
_n _ "_I 4- 4- ÷ I
_P
O
Uq
O O
O
r_
O
H
+-
H
,-1
o
r_
H
H
,--1
P_
>
0h
pq
P
,-I
H H H H t-_
c-I
[..L1 0 0
Ar-
,m
t-
o
o
03
03
E
E
!
I--
e_
e-
p
_o
e-
_e3 _
,.-, ,_
•=_o .
o_N_,_ __'-
= _,,. ,.___._
__o_--o_
r_
r---_ c)
oo _---r--- .--_
.= _------o8_ :z
0 0 0_
II
>
G) GI Or) O_ _ _ _ _ _ I'M CM C,I (M £_1:1:_:,:,) _ U_I_H£),_') U _)
>
I
oo
'.D
P_.
c"
"_ U"J
:>,._
c,I (./5
::E:_
=F
F-_
"¢'I
(_
_ I I I / I _
I I I I
0 _ 0 _ 0
(1-g t-S __I_3 $0_t."4 _t-OI) Xfll_I
g
g
o_
g
g
t"N
c:5
II
;;>
I
r._
c5
II
:::>
I
II
;;>
,,.....1
;:>._
C'4
C'4
eeb
e_
-
0
II
I
r._
I
V
_2
V
U3 C"_
O0
O/
I I _1 I
o
I I I
(z_V° ,_S ___O SOIM a,_Ol) Xl'lq.4
I
o_
o
o
o2
co
o
o
o
co
o
o
0D
o_
oo.,_
o
o
c_
o
_ 0
0
C_
0
0
0 O0
,r,,,I
c,,I
I
II
>
I
cQ
r..tJ
I
II
c_
_.., c'q
I../'3
._--.,
II
>
• °
<
,.-t U3
<_
Lib
C',I
_<

c,,l
I
It
>
I
Lr')
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O0 0 0'00iO=O;OiO:OlO 01010'0 0 0 0 0!0 0 0 0:0 O:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 010 0!010 00iOlOlOlO,OiOlO,O 0 0 0 0 0 0 0:0,0!0
0 0 0 0 0 0 0 0 l 0 0 0 0 0 0 0 0 0 0 l 0 0 0 0 0 0 0 0 0 _ 0[0 l O' O_ 0 _OiO J 0 O' 0 lO : 0 i 0 0 0 0 0 0 0 00lOiOrO l
e
_ _lOiO0 0 0'01 _i
O01000JOlO:O 010:0
_ _ _ 0 : 0 0 0 0 l _ _ _ I _ 0 0 ' 0
mI I I
0'3-
(:3
CO
U3
CO
C_
O_ --
c_3=
00.S
o_
u'3
C_
I
0
c_
I I
_3 0
(,_V i-S ___O SOa._ ,,_Oi) XflIA
I
g
o
oo
0
0
Q
0
0
0
0
0 CO

c_ _'-_
_co
o_
c_
LO
oo
oo
- o
o
I I I I
tO O LO O _0
J
m
0
0
0
0
0
